Context: Central venous catheter (CVC) use is associated with increased mortality and complications in hemodialysis recipients. Although prevalent CVC use has decreased, incident use remains high.
INTRODUCTION
Patients with end-stage renal disease (ESRD) have a mortality rate that is higher than that for cancer, heart disease, heart failure, or diabetes. 1 The 1-year mortality rate for patients with ESRD is estimated to be 17%. 1 One major reason for higher mortality rates in ESRD is the high rate of central venous catheter (CVC) use. Several studies have shown that patients who dialyze with a CVC have a 50% to 70% increased risk of dying compared with patients who dialyze with an arteriovenous fistula (AVF). [2] [3] [4] [5] [6] For this reason, several national initiatives have targeted increasing AVF use. The Fistula First campaign 7 was started in 2003 to increase AVF placement and to decrease use of CVCs to improve morbidity and mortality. Fistula First has been credited with a reduction in prevalent CVC use from 27.7% in 2007 to 16.3% in 2014. 1 However, despite reduction in prevalent CVC use, its use remains high at initial hemodialysis. This remains a concern because patients starting hemodialysis with CVCs have been shown to have a higher mortality and higher risk of sepsis. 5, 8 One of the goals in Healthy People 2020, 9 a national initiative involving the US Department of Health and Human Services, is to increase use of AVF or presence of a maturing AVF at the start of hemodialysis to a target of 34.5%. Despite meeting Healthy People 2020 targets, more than 80% of patients with ESRD dialyze with CVCs at initial treatment. 1 Even with optimal predialysis care under the supervision of a nephrologist, about 50% of patients start dialysis with a CVC. 10 This statistic suggests that this is an area requiring further improvement.
Several factors have been found to be associated with CVC use at initial hemodialysis treatment, including elderly age, 11 black race, 4 female sex, 12, 13 diabetes, 14 peripheral vascular disease, 14 late referrals to a nephrologist, 15 and cardiac disease. 4 Reasons for higher CVC use include rates of primary AVF failures (defined as an AVF that is never usable) of between 20% and 50% 16 and delayed AVF placement.
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Elderly age, peripheral vascular disease, and coronary artery disease have been associated with primary AVF failures. 17, 18 Older age, black race, female sex, and shorter pre-ESRD nephrology care have been associated with delayed AVF placement. 19 Proteinuria has been shown to be associated with mortality and progression of chronic kidney disease (CKD). 20 In addition, after AVF placement, patients with proteinuria had a higher likelihood of AVF use 21 or initiation of hemodialysis. 22 However, to the best of our knowledge, the association of proteinuria with CVC use at initial hemodialysis has not been examined. The aim of this study was to look at factors associated with CVC use at time of dialysis initiation specifically looking at proteinuria as a primary variable of interest. Our hypothesis was that higher grades of proteinuria were associated with higher rates of CVC use at initial hemodialysis. Proteinuria may be helpful in identifying patients who may benefit from earlier referral for AVF placement or closer monitoring for failure of an AVF to mature after placement, to decrease the rate of CVC use at initial hemodialysis.
METHODS

Study Population
We created a retrospective cohort from the Kaiser Permanente Northwest (KPNW ) dialysis registry, a large integrated health care system with approximately 500,000 members in Oregon and 
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Primary Outcome
Our primary outcome was the use of CVC at initial hemodialysis. This was obtained through chart review of vascular surgery notes in the electronic health record. Use of CVCs was defined as patients in which a CVC was used at first hemodialysis regardless of whether an AVF was present. Patients who started hemodialysis with an AVF but required placement of a CVC within 30 days were also included in this category. We chose to classify these patients in the CVC group on the basis of prior studies using successful cannulation of an AVF during a 30-day time frame to define successful use of an AVF.
17
Predictors
Proteinuria was divided into 4 categories by the highest level of spot urine protein/ creatinine ratio, urine albumin/creatinine ratio, or urinalysis noted according to KDIGO (Kidney Disease: Improving Global Outcomes) staging.
23 Absent (no proteinuria present) was defined as less than 0.2 g of protein per gram of creatinine, a urine albumin/creatinine ratio below 30 mg/g, or 0 on urinalysis; low grade, 0.2 to 0.5 g of protein per gram of creatinine, urine albumin/creatinine ratio of 30 to 300 mg/g, or 1+ on urinalysis; midgrade, 0.5 to 3.5 g of protein per gram of creatinine, urine albumin/creatinine ratio of 301 to 2200 mg/g, or 2+ or greater on urinalysis; and high grade, above 3.5 g of protein per gram of creatinine or urine albumin/creatinine ratio greater than 2200 mg/g. 23 Other variables studied included presence of congestive heart failure, diabetes, peripheral vascular disease, history of acute kidney injury in the prior 2 years, sex, race, age at start of hemodialysis, length of predialysis care in months, and number of hospitalizations in the 2-year period before the start of hemodialysis. When race was missing or unknown (about 22% of the cohort), patients were labeled as white because this was the most common race among our members. Age was divided into categories of younger than 50 years, 50 to 70 years, and older than 70 years. Among patients who had an AVF present at the time of initial dialysis, variables recorded Low grade was defined as urine protein/creatinine ratio 0.2 to 0.5, urine albumin/creatinine ratio of 30 to 300 mg/g, or 1+ on urinalysis; midgrade as urine protein/creatinine ratio of 0.5 to 3.5, urine albumin/creatinine ratio > 300 to 2200 mg/g, or 2+ or greater on urinalysis; and high grade as urine protein/creatinine ratio > 3.5 or urine albumin/creatinine ratio > 2200 mg/g. AKI = acute kidney injury; AVF = arteriovenous fistula; CHF = congestive heart failure; CVC = central venous catheter; PVD = peripheral vascular disease.
included location of the AVF, whether the AVF was revised before dialysis (defined as requiring additional surgical or interventional procedures), and timing of AVF placement before initial dialysis. Location of the AVF was divided into radiocephalic, brachiocephalic, or brachiobasilic. Time of the AVF placement before the start of dialysis was divided into categories: 0 to 3 months, 3.1 to 6 months, 6.1 to 9 months, 9.1 to 12 months, 12.1 to 24 months, and greater than 24 months.
Estimated glomerular filtration rate (eGFR) was calculated using the CKDEpidemiology Collaboration equation 24 after 2010 and by the Modification of Diet in Renal Disease equation 24 in 2010 and earlier. Last outpatient eGFR available within 31 days of dialysis initiation was recorded (available in 63.6% of the cohort). Patients were classified as "early start" of dialysis if the last recorded outpatient eGFR was greater than 10 mL/min. The eGFR at the time of AVF placement was available in 38% of patients with AVFs placed.
Statistical Analysis
Patients were divided into 2 groups on the basis of access used at first hemodialysis: AVF and CVC. Baseline characteristics were compared between AVF vs CVC using the χ 2 test for categorical variables and the t-test for continuous variables. A logistic regression model was used to determine which variables were associated with the outcome for CVC. Odds ratio (OR) with 95% Wald confidence intervals (CIs) were calculated. For categorical variables with multiple categories (including proteinuria grade, race, age, and time of AVF placement), the likelihood ratio test was calculated using logistic regression. If the overall test was statistically significant (p < 0.05), then pairwise differences for categories were calculated. The multivariable logistic regression model was repeated after removing nonsignificant variables using backward stepwise selection. Statistical significance was defined as p < 0.05. All calculations were done using R Version 3.1.0 (The R Foundation, Free Software Foundation, Boston, MA) and SAS Version 9.2 (SAS Institute Inc, Cary, NC).
Patients who started hemodialysis with CVC were further divided into subgroups by whether or not they had an immature AVF present. Baseline characteristics were compared between patients starting hemodialysis with AVF vs CVC with AVF present (Table 1) . Logistic regression models were used to determine which variables were associated with the outcome of CVC with AVF present.
RESULTS
Our final dialysis cohort consisted of 918 patients, of which 35.9% started dialysis with an AVF and 64.1% started with a CVC. Of the 64% that started with a CVC, 25% had an immature AVF present ( Table 2 ). The average age at initial hemodialysis was 63.8 years, with a range of 18 to 94 years, and 40.2% of the cohort was older than age 70 years. The average b Low grade was defined as urine protein/creatinine ratio of 0.2 to 0.5, urine albumin/creatinine ratio of 30 to 300 mg/g, or 1+ on urinalysis; midgrade as urine protein/creatinine ratio of 0.5 to 3.5, urine albumin/creatinine ratio > 300 to 2200 mg/g, or 2+ or greater on urinalysis; and high grade as urine protein/creatinine ratio > 3.5 or urine albumin/creatinine ratio > 2200 mg/g. AKI = acute kidney injury; AVF = arteriovenous fistula; CHF = congestive heart failure; CVC = central venous catheter; NA = not applicable; PVD = peripheral vascular disease.
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Association of Proteinuria with Central Venous Catheter Use at Initial Hemodialysis last outpatient eGFR before the start of hemodialysis was 12.9 mL/min, with an interquartile range of 9 to 15 mL/min (data missing in 36% of the sample). In patients who had an AVF placed before hemodialysis, 29% had an AVF placed less than 3 months beforehand. Only 9.5% of patients were not seen by a nephrologist, whereas most patients (69.3%) had greater than 1 year of follow-up with a nephrologist before hemodialysis.
Measurement of proteinuria was present in the health records of the entire cohort. Most patients (77%) had overt proteinuria (> 0.5 g); 36% had high-grade proteinuria, (> 3.5 g) whereas 40.4% had midgrade proteinuria (0.5 to 3.5 g). Patients with high-grade proteinuria were more likely to be younger, have diabetes, and be less likely to have predialysis nephrology care of greater than 2 years compared with patients with midgrade proteinuria (Table 3) . Patients with low-grade or absent proteinuria were more likely to be older, have congestive heart failure, be white, have no predialysis care, and start hemodialysis at a higher eGFR, and were less likely to have diabetes. Compared with patients with low-grade or absent proteinuria and those with midgrade proteinuria, patients with high-grade proteinuria were more likely to have their AVF placed later, at less than 90 days, and at a lower eGFR.
Proteinuria grade was associated with CVC use vs AVF use at initial hemodialysis in univariate analysis using the global likelihood ratio test (p < 0.001; Table 4 , Model 1). However, on pairwise comparison, only patients with midgrade proteinuria remained with a statistically significant association and had the lowest odds of 0.36 for starting hemodialysis with a CVC (95% CI = 0.21-0.58) compared with patients with absent proteinuria. Patients with low-grade and high-grade proteinuria had higher odds of starting with a CVC compared with patients with midgrade proteinuria (low grade: OR = 0.65, 95% CI = 0.35-1.10; high grade: OR = 0.75, 95% CI = 0.44-1.22), but the difference was not statistically significant.
After adjustment with logistic regression with all variables (Table 4 , Model 2) and removal of nonsignificant variables (Table 4 , Model 3), proteinuria grade was still associated with CVC use (likelihood ratio test, p < 0.001). However, this association was statistically significant only in patients with midgrade proteinuria, who had the lowest odds of starting hemodialysis with a CVC (OR = 0.39, 95% CI = 0.24-0.65). Proteinuria grade was also associated with presence of an AVF in patients starting hemodialysis with a CVC in multivariate analysis compared with patients starting dialysis with AVF. Patients with midgrade proteinuria had the lowest odds of starting hemodialysis with a CVC with an AVF present ( Table 5) .
DISCUSSION
Our findings demonstrate that midgrade proteinuria is associated with lower CVC use at initial hemodialysis. Our results did not support our hypothesis that higher levels of proteinuria were associated with higher rates of CVC use. Surprisingly, we found that patients with midgrade proteinuria had the lowest odds (ie, best outcome) of starting dialysis with CVC compared with other levels of proteinuria, including absent and low-grade proteinuria. When we looked at differences in patient characteristics between proteinuria grades, we found that patients with high-grade proteinuria had the shortest time from AVF placement until starting hemodialysis, the lowest eGFR at the time of AVF placement, and the highest percentage of an AVF placed 90 days or less before starting dialysis, compared with other grades of proteinuria. This suggests that one reason for higher rates of CVC use in the high proteinuria group was delay in referral Denotes group with significant p value with 0.5 to 3.5 g of proteinuria as comparator group. AKI = acute kidney injury; AVF = arteriovenous fistula; CHF = congestive heart failure; CVC = central venous catheter; eGFR = estimated glomerular filtration rate; PVD = peripheral vascular disease.
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for AVF placement. This group may benefit from earlier referral for access placements or closer monitoring by a nephrologist. Interestingly, patients with absent or low-grade proteinuria were also more likely to start dialysis with a CVC compared with patients with midgrade proteinuria. We found these patients were more likely to have a diagnosis of congestive heart failure, were more likely to have a higher eGFR before starting dialysis, and were less likely to have been followed-up by a nephrologist before dialysis. We theorize that this group included patients in whom acute kidney injury occurred or patients who had previously stable CKD but experienced acute kidney injury and did not recover. In addition, this group included a higher number of elderly patients. Elderly patients present a challenge to the nephrologist for dialysis preparation because of the competing risk of death, 25 lower incidence of proteinuria than in younger patients with CKD, 26 and slower rate of CKD progression, 25 which will often result in later referral for AVF placement. 11 Another important finding in our study was that even with optimal nephrology care before dialysis, CVC use remains high. This finding was illustrated in our cohort of whom approximately 60% of patients starting hemodialysis with CVCs had seen a nephrologist for at least 12 months. This has been shown in other studies to be partly because of late AVF placement. 11, 27 In our cohort, almost 30% of AVFs were placed less than 90 days before the start of dialysis, and longer predialysis care was not associated with decreased rates of immature AVF use at initial dialysis. A major challenge comes from predicting which patients will progress to ESRD and when to place an AVF. Placing an AVF too early will result in patients undergoing unnecessary procedures who may die before progressing to ESRD or requiring more interventions to maintain patency, 28 whereas placing an AVF too late will result in higher CVC use. Several conflicting guidelines have been published regarding the optimal timing for AVF placement. The National Kidney Foundation Kidney Disease Outcome Quality Initiative 29 recommends placement of an AVF at least 6 months before initiation of hemodialysis. However, the Canadian Society of Nephrology suggests referral for AVF placement at an eGFR of 15 mL/min to 20 mL/min, 30 and the European Renal Best Practice guidelines recommends referral when the eGFR is below 30 mL/min. 31 Hod et al 32 examined the timing of AVF placement in elderly patients from the United States Renal Data System and suggests that the optimal timing is 6 to 9 months before dialysis. With the current recommended threshold of 20 mL/min for eGFR, about 40% of patients in our cohort would have had their AVF placed less than 6 months before starting hemodialysis.
Several prediction models have been recently published predicting risk of progression to ESRD in patients with CKD. 33, 34 In addition, two recent studies found that higher levels of proteinuria predicted which patients would go on to start hemodialysis after AVF placement. 21, 22 These models and studies suggest that factors other than eGFR, such as proteinuria, age, and diabetes status, may help in individualizing 
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Association of Proteinuria with Central Venous Catheter Use at Initial Hemodialysis which patients should be prepared for dialysis and possibly determining the timing of AVF placement. However, our study suggests that these models, in which patients who are younger and have higher levels of proteinuria are more likely to have higher risk scores, may miss older patients with lower levels of proteinuria who progress to ESRD and may be more likely to start with a CVC. An important future study would look at performance of these models in predicting which of these patients are at risk of progression to ESRD. Our study had some limitations. The observational study design shows association rather than causation. Factors in other studies, including obesity, cerebrovascular disease, smoking, and malignancy were not included in our analysis, which may have altered our findings regarding proteinuria because of confounding. Outcome of access used at dialysis was based on a review of vascular surgery notes, which may have been incomplete or documented incorrectly. The applicability of this study to the general population may be limited because patients were members of an integrated health care system, which may result in different practice patterns because of more integrated delivery. Patients were predominantly white, so applicability to other racial groups will be limited. We chose to divide proteinuria as a categorical rather than continuous variable because of the variability of proteinuria in our dataset. Glomerular filtration data were missing for more than one-third of our dataset, which could have altered those findings. In patients with an eGFR available, about 60% started hemodialysis at an eGFR above 10 mL/min. The IDEAL (Initiating Dialysis Early and Late) trial showed no improved outcomes with initiation of dialysis at a higher eGFR. 35 It is possible that these associations may be different in a more contemporary cohort of patients starting dialysis at a lower eGFR. Finally, the small size of our cohort may have limited our ability to find statistical significance for certain variables found to be significant in other studies. Likelihood ratio test between model with categorical variable and model without. AKI = acute kidney injury; AVF = arteriovenous fistula; CHF = congestive heart failure; CI = confidence interval; OR = odds ratio; PVD = peripheral vascular disease.
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CONCLUSION
We found that proteinuria was associated with starting dialysis with a CVC and with patients who had midgrade proteinuria having the best vascular access outcome for starting dialysis. However, we did not find that increasing proteinuria was associated with higher CVC rates as we had expected. Surprisingly, patients with low or absent proteinuria also had higher rates of CVC use comparable to patients with high-grade proteinuria. Our findings suggest that the relationship of proteinuria with CVC use is more complex, and current prediction models may miss older patients with lower-grade proteinuria who progress to ESRD. Future prospective studies looking at refinement of these models in this group of patients would be of interest in helping reduce CVC rates at initial dialysis. v
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